Background {#Sec1}
==========

The theory of nonlinear backward stochastic differential equations (BSDEs for short) was developed by Pardoux and Peng ([@CR8]), from which we know that there exists a unique adapted and square integrable solution to a BSDE of the type$$\documentclass[12pt]{minimal}
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                \begin{document}$$\begin{aligned} y_t=\xi +\int _t^Tg(s,y_s,z_s)\mathrm{d}s-\int _t^Tz_s\mathrm{d}W_s, \ \ \ \ t\in [0,T], \end{aligned}$$\end{document}$$provided the function *g* (also called the generator) is Lipschitz in both variables *y* and *z*, and $\documentclass[12pt]{minimal}
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                \begin{document}$$(g(t,0,0))_{0\le t\le T}$$\end{document}$ are square integrable. The theory of BSDEs is very useful, due to the connection of this subject with mathematical finance, stochastic control, partial differential equation, stochastic game and stochastic geometry and mathematical economics. Later, many researchers developed the theory of BSDEs and their applications in a series of papers (for example, see Briand et al. ([@CR1]), Lepeltier and San Martin ([@CR5]), Pardoux ([@CR6], [@CR7]), Karoui et al. ([@CR4]) and the references therein) under some other assumptions on the coefficients but for a fixed terminal time $\documentclass[12pt]{minimal}
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                \begin{document}$$T>0$$\end{document}$. Let us mention the contribution of Lepeltier and San Martin ([@CR5]). In Lepeltier and San Martin ([@CR5]), the authors got the existence of a solution for a 1-dimensional BSDE where the coefficient was continuous, it had linear growth, and the terminal condition was square integrable. They also obtained the existence of a minimal solution.

Chen and Wang ([@CR2]) obtained the existence and uniqueness theorem for $\documentclass[12pt]{minimal}
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                \begin{document}$$T\equiv \infty$$\end{document}$, by the martingale representation theorem and fixed point theorem. In fact, such a problem has been investigated by Peng ([@CR9]), Pardoux ([@CR6]), Darling and Pardoux ([@CR3]) and other researchers under the assumption that terminal value $\documentclass[12pt]{minimal}
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                \begin{document}$$\rho$$\end{document}$ and random terminal time *T* (i.e., *T* is a stopping time). But in $\documentclass[12pt]{minimal}
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                \begin{document}$$1<p<2$$\end{document}$), there is no the martingale representation theorem. Zong ([@CR10]) studied $\documentclass[12pt]{minimal}
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                \begin{document}$$L^{p}$$\end{document}$ solutions to infinite time interval BSDEs with non-uniformly Lipschitz coefficients. She gave a new a priori estimate. By using this a priori estimate, she got the existence and uniqueness of $\documentclass[12pt]{minimal}
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                \begin{document}$$L^{p}$$\end{document}$ solutions to infinite time interval BSDEs.

In this paper, we study the existence theorem for $\documentclass[12pt]{minimal}
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                \begin{document}$$1<p<2$$\end{document}$) solutions to a class of 1-dimensional infinite time interval BSDEs under the conditions that the coefficients are continuous and have linear growths. We also obtain the existence of a minimal solution. Furthermore, we study the existence and uniqueness theorem for $\documentclass[12pt]{minimal}
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                \begin{document}$$(1<p<2)$$\end{document}$ solutions of infinite time interval BSDEs with non-uniformly Lipschitz coefficients. It should be pointed out that the assumptions of this result is weaker than that of Theorem 3.1 in Zong ([@CR10]).

This paper is organized as follows. In "[Preliminaries](#Sec2){ref-type="sec"}" section, we introduce some notations, assumptions and lemmas. In "[Main results and proofs](#Sec3){ref-type="sec"}" section, we give our main results including the proofs.

Preliminaries {#Sec2}
=============

In this section, we shall present some notations, assumptions and lemmas that are used in this paper.

**Notation.** The Euclidean norm of a vector $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$x\in {R^{k}}$$\end{document}$ will be denoted by \|*x*\|, and for a $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$k\times d$$\end{document}$ matrix *A*, we define $\documentclass[12pt]{minimal}
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                \begin{document}$$(W_t)_{t\ge 0}$$\end{document}$ be a *d*-dimensional standard Brownian motion defined on this space and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$({\mathcal {F}}_t)_{t\ge 0}$$\end{document}$ be the natural filtration generated by Brownian motion $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$(W_t)_{t\ge 0}$$\end{document}$, that is$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} {{\mathcal {F}}_t}:=\sigma \{W_s;s\le t\}\vee {\mathcal {N}}, \end{aligned}$$\end{document}$$where $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${\mathcal {N}}$$\end{document}$ is the set of all *P*-null subsets. Furthermore, we define $\documentclass[12pt]{minimal}
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                \begin{document}$${\mathcal {F}}:=\sigma \left( \bigcup \nolimits _{t\ge 0}{{\mathcal {F}}_t}\right)$$\end{document}$.

We consider the following spaces:
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                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$E[|\xi |^p]<\infty ,p\ge 1\}$$\end{document}$;

$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${\mathcal L}(\Omega ,{\mathcal {F}},P,{R}^k):=\bigcup \nolimits _{p>1}L^{p}(\Omega ,{\mathcal {F}},P,{R}^k)$$\end{document}$;
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                \begin{document}$$E[\sup _{t\ge 0}|V_t|^p]<\infty ,p\ge 1\}$$\end{document}$;
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                \begin{document}$${\mathcal { S}}({R}^k):=\bigcup \nolimits _{p>1}{\mathcal { S}}^p({R}^k)$$\end{document}$;
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Consider the following infinite time interval BSDE$$\documentclass[12pt]{minimal}
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Main results and proofs {#Sec3}
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**Theorem 2** {#FPar2}
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In order to prove Theorem  [2](#FPar2){ref-type="sec"}, we give an a priori estimate.
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Proof of Theorem  2 {#FPar5}
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-----
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In order to prove Theorem  [5](#FPar8){ref-type="sec"}, we need the following lemmas.
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-----------
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The proof of Lemma  [6](#FPar9){ref-type="sec"} is very similar to that of Lemma 1 in Lepeltier and San Martin ([@CR5]), so we omit it.

We also define the function$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} G(\omega ,t,y,z):=\gamma (t)(1+|y|+|z|), \quad \forall (\omega ,t,y,z)\in \Omega \times {R}_{+}\times {R}\times {R}^d. \end{aligned}$$\end{document}$$For each given $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\xi \in L^{p}(\Omega ,{\mathcal {F}},P,{R})$$\end{document}$, by Theorem  [2](#FPar2){ref-type="sec"}, there exist two pair of processes $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$(Y^n,Z^n)$$\end{document}$ and (*U*, *V*), which are the solutions to the following BSDEs$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} Y_t^n= & \xi +\int _t^\infty g_n(s,Y_s^n,Z_s^n)\mathrm{d}s-\int _t^\infty Z_s^n \mathrm{d}W_s, \end{aligned}$$\end{document}$$ $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} U_t= & \xi +\int _t^\infty G(s,U_s,V_s)\mathrm{d}s-\int _t^\infty V_s \mathrm{d}W_s, \end{aligned}$$\end{document}$$respectively. From Theorem  [4](#FPar6){ref-type="sec"} and Lemma  [6](#FPar9){ref-type="sec"}, we get$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} \forall n\ge m,\ \ Y^m\le Y^n\le U,\ \ \hbox {a.s.} \end{aligned}$$\end{document}$$
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*Proof* {#FPar11}
-------
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Proof of Theorem  5 {#FPar14}
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Remark 9 {#FPar15}
--------
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Conclusion {#Sec4}
==========

In this paper, we have solved two problems on infinite time interval BSDEs. Firstly, by using an a priori estimate (Lemma  [3](#FPar3){ref-type="sec"}), we studied the existence and uniqueness theorem for $\documentclass[12pt]{minimal}
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